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PREFACE

The Great Lakes FEnvironmental Research Laboratory (GLERL) was establish~
ed on April 24, 1974, to provide a focus for NOAA's environmental research
in the Great Lakes region. GLERL was formed by combining the staff of the
International Field Year for the Great Lakes (IFYGL) Project Office, Rockville,
Maryland, with the Limnology and Computer Divisions, Lake Survey Center,
Detroit, Michigan. The Ann Arbor, Michigan, Laboratory was opened in
August 1974,

GLERL's mission is to conduct research directed toward an understanding
of the environmental processes in the Great Lakes and their watersheds.
Emphasis will be placed upon an interdisciplinary systems approach to the
solving of problems in resource management and envirommental sevvices for
that region. In support of this mission, the following central objectives
have been established:

To improve environmental information {e.g., statistical
description, prediction, and simulation) concerning
properties, processes, and phenomena of the CGreat Lakes
and the Great Lakes watersheds;

To develop improved environmental service tools, data,
information, and consulting services to support the needs
of users in government and private organizations; and

® To provide an environmental advisory service, as appropriate,

The scope of GLERL's research includes field, analytic, and laboratory
investigations into the limnological, hydrological, meteorological, and
limno-geological properties of the Lakes, their basins, and the atmosphere.

It is important periodically to assess the research program from
the following points of view: (1) research management -~ strengthening the
research program; (2) coordination - exchanging information with interdepen~
dent research agencies and encouraging cooperative activities: and
(3) advisory service - informing potential users of available information and
capability to support their needs and encouraging potential users to make
their needs known.

This report will review the major GLERL research accomplishments of
FY 75 and highlight the research plans for FY 76 and beyond.

144







TABLE OF CONTENTS

Summary and Overview

International Field Year for the Great Lakes

Research Programs

International and Interagency Activities

Appendix
&ppeﬁéix
Appendix
Appendix

Appendix

Appendix

I.

I1.

i1t

Staff and Organization
Contracts and Grants

A. Publications

B. Contractors' Publications
Presentaticns

Facilities

PAGE

18

21

27

31

34

37







SUMMARY AND OVERVIEW

GLERL accomplishments for FY 75 fall into several categories: organ-
izational, scilentific, and participatory. The major problem was that of
building a new organization, including establishment of the present research
program, program development to define GLERL research goals and objectives,
recrultment of the authorvized staff with the required capabilities, and
development of the facilities and administrative support services required
by the research program. The staff and management organization are given
in Appendix I. Note that Administrative Services and Computer Systems are
organized within the Office of the Director and the scientific and engineer—
ing staff are organized into four groups: Physical Limnology and Meteorology,
Chemistry and Biclogy, Lake Hydrology, and Environmental Systems Engineering.
A total of 72 staff were on board as of June 30, 1975.

The scientific program has evolved from those of the TFYGL Project
Office and the Limnology Division of the Lake Survey Center. This program

is described most fully in the GLERL Technical Plan, a document which defines
the FY 75 objectives, approach, and expected products for each of the 10
programs (or projects) described in this report; GLERL scientists participated
in the development and critique of that document.

several of the GLERL facilities (described in Appendix V) were developed
during FY 75 to support the research program. The Ann Arbor, Michigan,
cffices and labs, and the Marine Facility at Monroe, Michigan, were opened
and dedicated in late 1974, The Marine Instrumentation, Chemistry, and Biology
Labs and the Computer Facility have all been set up since then and are now
operational in Ann Arbor.

In order to develop future goals and objectives, GLERL hosted a workshop
in October 1974 on priority Great Lakes envirommental research initiatives,
attended by 60 scientists working directly in Great Lakes research or in
a government agency supporting that research. They identified the future
Great Lakes environmental research required to provide a satisfactory state—
cf~the-art in environmental simulation and prediction and thereby to provide
the basis for decisions on the future management of Great Lakes activities.
Great Lakes environmental research accomplishments in IFYGL and in other
research programs were reviewed, and deficiencies in the state~of-knowledge
and needs for future research were identified and discussed. It was agreed
that the state-of-knowledge is deficient in the physical, chemical, and
biological processes of the nearshore region in the Great Lakes and in the
exchange processes between lake and land, lake and atmosphere, lake and
sediments, and nearshore and offshore. This coastal zone is a region of
maximum natural variability and in addition is the region of maximum pressure
on the Lakes from man's activities.

In order to develop a more ccherent problem-oriented research program
and to supplement in-house research capabilities, GLERL supports research




grants and contracts with private institutions and other agencies (Appendix
11). This combination of in-house and contract research allows a signifi-
cantly greater capability to be brought to bear on the research problems of
the Great Lakes.

Significant FY 75 research accomplishments are as follows:

Analysis of summer and fall current measurements in the
Straits of Mackinac, indicating strong oscillatory modes
of the individual basins of Michigan and Huron and of
the combined system with a strong seasonal dependence in
the vertical structure.

Satisfactory deployment and retrieval of 65 current meters
to study the winter circulation {November 1974 - May 1975)
of Lake Huron [in collaboration with the Canada Centre for
Tnland Waters (CCIW) and in support of the International
Joint Commission (I1JC) Upper Lakes Referencel.

Development of a functional model which simulates fluctua-
tions in major components of the Lake Ontaric ecosystem,
e.g., several nutrients, pH, alkalinity, benthos biomass,
four phytoplankton types, and five zooplankton types.

Studies on the feeding of carnivorous zooplankton (underway
with laboratory cultures).

Development and utilization of a rransient model which
simulates the flow of the Detroit River (in support of the
Corps of Engineers Lake Erie Wastewater Management Study
and the IJC Water Quality studies).

During FY 75, 54 papers were published by GLERL staff and contractors
(Appendix III), and 27 papers were presented by GLERL staff at scientific
meetings (Appendix IV).

NOAA is the U.S. lead agency for IFYGL, and the 7.8, IFYGL Project
Office is a part of GLERL. Results from this joint United States-Canadian
multi-agency experimental field study of Lake Ontario and the Ontario basin
continue to be documented. IFYGL Bulletin No. 15 lists 26 official IFYGL
, including 15 quarterly bulletins; a 4-volume IFYGL Technical
chnical manuals; an overview report, ''Two Nations, One Lake', and
dings, IFYGL Symposium, Fifty-Fifth dnrual Meeting of the American
A In addition, the current IFYGL bibliography now lists
cations. Significant accomplishments to date are voluminous.
highlights includes:

@&

A data archive in excess of 100 million pieces of data.

® An improved description of the rhermal variations of Lake
Ontario, including the seasonal, meteorological cyclone,
and inertial scales.




Identification of a major feature of the lake - that of
intermittences - closely related to atmosphere-lake
exchange processes.

Identification of an intense and highly variable coastal
current,

Improved theoretical numerical circulation models.

An dmproved description of the temporal and spatial varia-
tions in phytoplankton.

Improved water quality and squatic ecology numerical
models.

IFYGL will terminate in late 1977 with the completion of eight dinternational
Summary Scientific Reports and a wrap-up workshop to synthesize and critique
this major United States-Canadian project.

In addition to IFYGL, GLERL has significant invelvement in other inter-
national and interagency environmental activities in the Great Lakes region.
Environmental information developed by GLERL is now being used to support
decisions pertaining to Great Lakes activities such as water quality, water
resource planning, and navigation. As members of boards, committees, and
work groups and as principal investigators on research studies, GLERL staff
members participate in ITJC activities to further the Great Lakes Water
Quality Agreement. GLERL staff members also participate in the activities
of the Great Lakes Basin Commission (GLBC) as the Department of Commerce
Commissioner and Alternate Commissioner, as members of committees and work
groups, and as principal investigators on research studies., Finally, GLERL
cooperates with the three NOAA Great Lakes Sea Grant institutions and the
International Coordinating Committee for Great Lakes Hydraulics and
Hydrology and participates in the Winter Navigation Program to demonstrate
the practicability of extending the navigation season on the Great Lakes-
St. Lawrence Seaway System.

GLERL received and processed requests from over 100 sources for data
and reports on IFYGL. These requests were in addition to the regular IFYGL
distribution of over 450 institutions and individuals and came from a wide
range of users, including university libraries, scientists in universities
and government agencies, engineering and research companies, environmental
groups (such as the Sierra Club), regional planning groups, high school
science departments, interested citizens, etc. Products other than IFYGL
data and reports were distributed upon request to 52 user groups covering
a broad spectrum from universities and government agencies through private
organizations and individual citizens. The products included reports, data,
referral to information sources, presentations to civic groups, and the
services of GLERL scientists on advisory boards or committees of various
U.5. and international organizations.
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GLERL participates for the Department of Commerce and the HOAA Offices
of Ecology and Environmental Conservation in the réview and critique of
Draft Envirommental Impact Statements (DEIS's) pertinent to the Great Lakes
or the Great Lakes basin. In FY 75, zome 65 DEIS's were reviewed.

The identification of emphasis for future GLERL research comes from
international, interagency, and NOAA involvements, cooperation with potential
users, and an awareness on the part of the scientific staff of the research
state~cf-knowledge and available environmental information. GLERL plans for
FY 76 and beyond are:

* To consolidate, stremgthen, and carry out the evolving
technical plans of the programs {(or projects) described
in this report.

To complete IFYGL satisfactorily in late 1977.

To continue program development to furthey define future
initiatives in Great Lakes environmental research in order
to continue to provide the precise environmental infor-
mation required for the decision process rvegarding Great
Lakes resource plans, management, and environmental services.

Future rvesearch initiatives which have been identified to date include the
development of research plans and Program Memoranda on:

® Great Lakes nearshore processes and properties -~ improved
environmental information to support planning and manage-—
ment decisions of various activities {(e.g., waste and water
quality management, water supply management, power generation,
fisheries management, recreation, and shipping) which
utilize and impact the Great Lakes coastal zone.

Engineering models of the Great Lakes enviromment - useful
environmental engineering models to simulate and predict

the Great Lakes limnology and hydrclogy to support decisions
on water resources planning and management.

Wind waves, run-up, flooding, and erosion - improved

climatology and prediction to support Great Lakes resource

management decisions on land use, shoreline protection, R
recreation, and shipping.

£




INTERRATIONAL FIELD YEAR FOR THE GREAT LAKES

Conceived as part of the International Hydrological Decade (1965-1974),
IFYGL is a joint United States-Canadian program of environmentsal and water
resources research focusing on Lake Ontario and the Ontario basin. Approx-
imately 1,000 individuals from the United States and Canada are participating
in IFYGL, some of the U.S. participants representing § U.S. federal and New
York State departments and independent agencies. An estimated $35 million
will have been spent on IFYGL by the time it terminates in 1977.

The central objective of IFYGL is to strengthen knowledge of Lake
Ontario and the Ontario basin in order to provide a scientific basis for
improved Great Lakes management activities related to water quality and
quantity and environmentally sensitive operations. Examples of such activ-
ities are the provisions of municipal, industrial, and rural water supplies;
protection of water quality; fish rescurce management; optimization of
commercial and recreational navigation; control of water levels and flows;
provision of hydropower:; shore use and erosion control; and warnings of
hazardous and destructive conditions.

National Committees of the International Hydrological Decade in the
United States and Canada established an International Steering Committee for
IFYGL. This committee undertock broad planning and establishment of policy.
Policy implementation and continued coordination is the responsibility of
the Joint Management Team, made up of the Canadian Management Team and the
United States IFYGL Project Office in GLERL. Coordination efforts are

balance, energy budget, atmospheric water balance, evaporation synthesis,
boundary layer, water movement, and biclogy and chemistry. Data management
coordination takes place between individuals in the United States and Canada
identified by the Joint Management Team.

An intensive data acquisition program was mounted on and around Lake
t is

Ontarioc from April 1, 1972, through March 31, 1973. Data acqu:
forms included ships, buoys, towers, aircrafit, rawinsonde stations, radar,
and a wide variety of on-shore installations. In excess of 100 million

£

chservations, including physical, chemical, and biological parame
collected in the lake, atmosphere, and basin.

A comprehensive international system has been established to p3
archive, and disseminate the data gathered in the field. It is ¢
around two IFYGL Data Centers, one at CCIW in Burlington, Ontaric, and the
other at the National Climatic Center in Asheville, North Carcli

The U.S. schedule, shown below, indicates the phasing of six
activities over a 7-vear period. The schedule for field operations was
agreed upon in April 1971 by R. M. VWhite, NOAA, and R. ¥. Shaw, Environment

Canada. Not reflected in the schedule is the fact that the planning began
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in 1966. The IFYGL Technical Plan, a four-volume compendium issued in April
1972, was the result of years of work by the Steering Committee, the scienti-
fic panels and subcommittees, and the two McMaster University workshops and
the Washington, D.C., workshop; this was brought to fruition by the Joint
Management Team.

V.5, IFYGL Schedule

ACTIVITY 1971 1972 1973 1974 1975 1976 1977
1 i | i i

DEVELOP TECHNICAL PLAN

PREPARE FOR FIELD PROGRAM

FIELD YEAR OPERATIONS

ENGINEERING TESTS & DATA
SYSTEMS COMPARISONS

DATA MANAGEMENT - ARCHIVE

ANALYSIS

The major components of IFYGL include seven projects, planned by the
panels, the objectives of which are described below:

Terrestrial Water Balance
Determine the contribution of each of several factors affecting
water balance relationships to provide improved understanding of

these factors for better management of water supply and estimate
the seasonal cycle of lake evaporation.

Atmospheric Water Balance

Determine the magnitude of the terms in the atmospheric water
balance equation and their contribution to the hydrologic cycle
of Lake Ontario and estimate the variation of lake evaporation
in the fall.




Lake Heat Balance

Determine the three~dimensional thermal structure of Lake
Ontario and its variation with time; compute the seasonal
cycle of terms in the lake heat balance, including evaporation.
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Lake Chemistry and Biology
Determine the materials balance, i.e., the inflow, storage, and
outflow of certain key chemicals in Lake Ontario; determine
the chemical and biological status and processes, e.g., conditions
and their variability in time and space, both in the lake and
in shore areas.

Water Movement

Determine the characteristics of large-scale water motion and the
processes responsible for natural distribution and variability
and develop diagnostic and simulation models of lake and coastal
circulation and diffusion, internal waves, and surface waves.

Atmospheric Boundary Layer

Determine air-water interface fluxes of heat, moisture, and
momentum; describe response of boundary laver structure fo
variations of surface conditions; provide data for parameter—
ization and simulation models.

. s .

Evaporation Synthesis

Determine the best estimate of lake evaporation based upon
estimates from the budget projects and from observations.

Highlights of specific scientific results to date include the following:
® The terrestrial water balance indicates that Field Year evaporation
was only 6 percent of the Niagara River inflow and that the level of
Lake Ontaric was raised 68 cm; the seasonal variation of evaporation
shows a maximum in the fall, 13 times the spring minimum value.

The analysis of direct measurements of the turbulent eddy flux
of moisture during an episode of extreme cold, strong north-
westerly flow over the warm lake in October indicates an,
upward latent heat flux which varied from 100 to 300 IM
the upwind to the downwind side of the lake.

S " from




The energy balance study indicates that the main process heating
Lake Ontario in the spring is the net radiation, and the main
process cooling the lake in the fall is the latent heat of
evaporation.

The analysis of current measurements from buoys and towers in
Lake Ontario indicates that, in addition to the seasonal scale,
two variability maxima occur at the surface layers corresponding
to the scale of inertial, oscillations {(approximately 17 hr)

and the longer period meteorclogical cyclone scales. For

water temperature measurements, four variability maxima occur
when a thermocline is present: at the cyclone and diurnal
frequency at the lake surface and at the cyclone and inertial
frequency at the thermocline. In mid-lake, the current motions
predominate in inertial circles:; in the nearshore reglon,

the current motions predominate parallel to the coastline.

Jor feature of the lake are intermittences, which show
up in the currents and water temperatures, assoclated with
the response to forces from the atmosphere, primarily through
the surface wind stress. Storms provide the major force on
the lake surface, and the lake responds in an intermittent
manner by (1) generating inertial oscillations which decay
with time, (2} generating surface waves which intensify the
vertical mixing process, and {3) generating coastal or
nearshore currents.

An intense and highly variable coastal jet phenomena occurs
in a zone 5 to 10 km out from the shore with the flow
essentially @afaéi§i to the coastline and with speed maxima

approaching 1 m s .

ankton observation studies identified 40 individual
in 4 major assemblages, i.e., diatoms, microflagellates,

Phytop
ecie

green algae, and blue-green algae; spatial and seasonal
b

[

variations are noted in the dominance and succession.

A variety of numerical models are under development to simulate
the annual cvele in Lake Ontario of chemical and biological
variables. Useful water gquality models have been developed;
aguatic ecology models are in an early stage.

Theoretical numerical models of the currents, water tempera-
tures, and levels are being developed and tested to simulate the
lake-gscale circulation: results to date are encouraging.

Fishery studies identify the dominant species in Lake Ontario
as alewife, white perch, and smelt from a total of 63 species
captured.




The U.S. analysis activity is progressing and will continue until 1977.
The IFYGL data collection is being used to calculate the large-scale budgets:
te define the natural distribution and variability of the physical, chemical,
and biclogical properties in the lake and basin; and to develop models of
interactive processes.

Several models to describe and predict processes occcurring in Lake
Ontario are under development or test and evaluation. The aim of IFYGL is
to develop an information base and models useful in determining the environ-
mental dmpact of various alternatives for developing the resocurces of the
Great Lakes.

Plans call for the publication of eight IFYGL Summary Scientific reports
in 1977, one for each of the project (or panel) areas and one overall summary
prepared jolntly by the United States and Canadian Co-Chairmen of the IFYCL
Joint Management Tean.

RESEARCH PROGRAMS
Water Circulation, Transport, and Diffusion

Tasks involved in this program are designed to develop climatological
information on the spatial and temporal distribution of such physical lake
variables as currents, temperatures, etc., and to establish the interdepen—
dence of these variables on causative meteorological and hydrological
variables. User activities, such as waste, water supply, and fishery manage—
ment, power generation, etc., rvequire such information, and the understanding
and prediction of chemical and bioclogical properties presupposes an under—
standing of the processes of transport and diffusion.

Several interrelated approaches are used to attack these problems,
Data must be collected through field experiments and then analyzed, and the
processes involved must be studied and simulated by numerical models.
Finally, the models must be verified with data.

Another task analyzed currents recorded in the Straits of Mackinac
during the summer and fgll, of 1973. On a long-term average there is a net
inflow of about 2,000 m”s ~ into Lake Huron from Lake Michigan. The trans-
port in the straits exhibits strong Gs%ii%ations with magnitudes sometimes
reaching as high as 50,000 to 80,000 m"s ~. The vertical structure of the
transports is seasonally dependent. During the stratified season, transports
in the upper and lower layers are in opposite directions, with the eastern
transport amocunting to three times the net flow and the western transport
amounting to two times the net flow. During the unstratified season, the
transport is in E?e same direction from top to bottom. Oscillatory currents
ag high as 1 m s are recorded in the straits following the passage of a
storm. Spectral analysis of currents shows oscillatory modes of the individ-
ual basins of Michigan and Huron, modes of a combined system, and strong
lunar semi-diurnal tide components. Flow in the straits will be monitored
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from October 1975 to May 1976 to better resolve some of the long period

oscillations found in the previous analyses.

In support of the 1JC Upper Lake Reference and in coll
the CCIW, the winter circulation in Lake Huron is under inve
Sizty-five current meters were deploved in Lake Huron from No
to May 1975. This is the first intensive effort to measure :
circulation through the winter. The data are being analyzed now; this will
continue into FY 76,

One of the major tasks involved the observation of currents in Saginaw
Bay {(Lake Huron) during May - October 1974. HNine current meter me
were supplemented with drogues. The final report {(to EPA) will
currents ave driven in the direction of the wind in shallower
bay with return flow down the middle (deeper) part. Winds
from the southeast and northwest. The bay water appeared
in the southeast corner,

Studies in support of the IJC Upper Lakes Reference of
in Lakes Huron and Superior indicate one persistent counter—c
over hé central part of Lake Huron and another over most ¢

with strong currents near Keeweenaw. In both lakes some
seiche motions and strong inertial motions were identified.

Studies on IFYGL continued both in-~house and through ¢
from the buoys and towers were edited and provided on magnet
ontractors. In-house work chiefly involved long-term, large
properties and contract work entailed neargéoz%, episodic proy
In an in~house study, monthly mean air and water temperatur
currents were calculated for Lake Ontario for all months of
found that in July the mean air temperature pattern resemble
face mperature pattern except in the northwestern part of
?ornntgi The prevaliling winds were . at 3 m s i, re
water (> 19°C) on the south-central shore and cold water (
northwest shore. Geostrophic ca 1 ns made for the mon
peratures showed cyclonic flow at all depths and Qsafﬁrmziv
currents. This cyclonic flow has currents moving to the v
shore and hence in the direction opposed to the §§' i
no numerical models have been created that are ca
ducing this feature, but under a contract, variocus
examined further to resolve this problem. Other con
examination of the dynamics of coastal jets. This
reversal of flow in the coastal jets in terms of prop
and topographic waves around the basin.
continue iﬁ FY 76.

o

Multi~level numerical models for the general circulation of
are currently being developed at GLERL. This effort will contin
FY 76, focusing attention first on Lake Ontario. Also, in 1976
field experiment consisting of at least 16 moorings will be lau
southern Lake Michigan to get some preliminary information on
circulation.
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Surface Waves and Oseillations

By using a combination of observations, analyses, theoretical studies,
and formulation and verification of prediction models, the Surface Waves
and Oscillations program develops climatological information on the distri-
bution and variability of waves, wind setups, and seiches and improved
methods of prediction. This is important because these environmental hazards
have direct impact on commercial and sport fishing, beach erosion, flooding,
boating, etc.

During the past year, the major effort was directed to detailed analyses
of wave characteristics during storm episocdes selected from IFYGL data.
Results indicated that the growth and decay of total wave energy follow
approxzimately the patterns of increasing and decreasing wind speeds. The
temporal development of individual spectral components breaks down into three
spectral ranges: a low frequency range most sensitive to wind, a high
frequency range generally independent of time or wind stress, and an inter-
mediate range possessing some of the properties of the other two. Efforts to
model these empirical results guantitatively are currently in progress.

Periods and structures of Lake Michigan seiches were computed, taking
into account the bathymetyy and shape of the lake and the rotation of the
Earth. 7The oscillations comprise those dominant in the main basin of
Lake Michigan and those dominant in Green Bay. The pericds and structures
of several gravitational wmodes were compared with those obtained from spec-
tral analyses of water levels, and the agreement was good.

A comprehensive wave measurement program is planned for initiation in
FY 76 with dnstallation of a research tower, including four wave staffs,
and four wave riders across southern Lake Michigan. Direction wave charac-
teristics and basic micrometeorclogical data will be recorded. The program
will vield important wave properties, such as directional wave characteris~
tics, effects of fetch, and duration, etc.

Other plans include a continuation of the studies on the free oscilla-
tions of Lake Huron and a new task to examine the storm surge problem.

s

Ontario Energy Budget (IFYGL)

N

ake

b=
S

The energy budget technique is fundamental to the understanding of the
interrelationships among a water body, the atmosphere, and the surrounding
area. It thus provides input to forecasts of water balance, evaporation,
ice formation and decay, and heat dissipation. The study of evaporation
was a major theme of IFYGL and the energy budget technique was selected as
one of the basic approaches.

This investigation will define the general and specific properties of
the energy budget of a large dimictic lake and evaluate all budget terms for
Lake Ontarioc by analyzing data collected during field investigations conducted
from April 1972 to April 1973.
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During FY 75, the analysis of net radiation over Lake Ontaric was com~
pleted and verified with available observations. A numerical model was
used to compute the radiation budget and weekly averaged radiation fluxes.

In relation to heat advection for Lake Ontario, a frequency distribution
was prepared of daily average water temperatures for principal tributaries.
Changes in heat storage in 4 of a total of 40 cells were computed. Time-
related advection of heat was then determined. Discrepancies between ship-
board and buoy heat storage estimates occur during unstable periods and
relate more to station density than to cbserving frequency.

Also developed was a numerical lakeshore ice~formation model that com-
putes water and sub-bottom temperatures in a two-dimensional plane normal
to the shore. In addition, it computes the location of freezing and melting
points as well as release or absorption of latent heat,

Within the next vear, analysis and evaluation of each of the energy
budget terms will be completed, and daily averages will be estimated for
each. Inputs from various scientists working on IFYGL will then be synthe-
sized into an energy budget of Lake Ontario, and a scientific report to
evaluate each item will be prepared.

Modeling of Great Lakes Ecosystems

A great many of the problems identified in the Great Lakes in recent
years are closely related to the ecology of the Lakes. This program, there-
fore, is aimed at the development of a series of models, at several levels
of complexity, to realistically simulate the fluctuations in amounts of
carbon in ecologically meaningful components of the Great Lakes ecosystems.
Once components are identified and interrelationships are defined, data
already collected, especially the IFYGL data base, will be used to test,
tune, and verify the models. In the process, research areas requiring
further effort will be identified.

Already, a functioning model has been developed which simulates the
fluctuations in the major components of the Lake Ontario ecosystem. This
includes simulation of concentrations of several nutrients, pH, and
alkalinity, as well as biomass of benthos, four types of phytoplankton, and
five types of zooplankton. The development of the model has already reveal-
ed several vital areas where our knowledge is inadequate, e.g., phytoplank-
ton succession, and towards which future efforts should be directed.

Plans include refinement of this model. For example, four kinds of
fish will be added. Also the lake has been subdivided, and a submodel,
developed to simulate hydrodynamic flow between these subdivisions, will be
integrated into the ecological model so that the three-dimensional flow of
material can be simulated. The model will then be adapted to simulate the
cyeling of a toxic substance and the effect of such a substance on the
various living components of the Lake Ontario ecosystem.

12
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Planktonic Succession

ttempts at modeling the ecology of the Great Lakes have so far been
limited to including all the phytoplankton species under one or occasionally
a couple of groupings: the same approach has been used for the zooplankton.
However, modeling at such a gross level can not simulate a number of the
processes of immediate practical concern. For example, different types of
algae may vary greatly in their potential to clog water intakes and to cause
taste and odor problems and different types of plankton vary greatly in their
potential to serve as food to higher levels in the food chain. Thus, treating
all types alike obscures many of the processes and allows simulation of only
the least complex relationships. This project attempts to describe the
process of succession of the plankton in the Great Lakes by developing a
model of the process and determining the controlling mechanisms.

Nutrient competition and zooplankton grazing are two major factors
controlling phytoplankton succession. In FY 75 the research has concentrated
on the development of research plans, the identification of experiments, and
the development of methods and laboratory facilities for these studies.
Laboratory studies, some using radiocactive tracers and autoradiographic
techniques, have been planned to determine the rates of nutrient uptake
under various conditions. Zooplankton grazing studies are also planned to
use various foods to determine food selectivity under a variety of conditions.
Studies on feeding of carnivorous zooplankton have already been initiated.

Further studies, including the investigation of zooplankton reproductive
and growth rates, will be conducted in an attempt to increase our knowledge
of their population dynamics and the way in which this affects succession.
Full-scale field studies will be initiated in the spring of 1976. Laboratory
studies on the nutrient uptake and feeding of herbivorous zooplankton will
be initiated in late 1975 or early 1976.

Natural Distribution and Variability of Lake Properties

Great amounts of data have been collected from the Great Lakes
specifying the levels of certain properties at various places and times.
Many of the data sets have not been analyzed at all, while others have only
been analyzed in a cursory fashion. This program will use these data to
describe the distribution in space and time of selected limnological
variables in the Great Lakes. This would aid the design of a monitoring
system to detect long~term environmental trends by providing a basis for
identifying where, when, and how often to monitor conditions in order to
obtain a representative view of the trend of conditions in each lake.

Data collected during IFYGL have already been used to describe the
variations during the Field Year in limnological conditions in the vicinity
of Oswego Harbor. 1In addition, data estimating the flow of materials
through the St. Clair-Detroit River system have been collected and will

13




be the basis of a report to the IJC. A carbon budget was calculated for

Lake Ontario and forms the basis for determining the major sources and sinks
of the element. An intercomparison has been accomplished of chemical
measurements made during IFYGL by several groups; it reveals that substantial
biases exigt in that data set.

Plans for FY 76 include spectral analyses of chlorophyll and oxygen data
from IFYGL to determine the important scales of wvariability for these param-
eters and a field study will be dinitiated to gather data for spectral anal-
vsis of other important parameters. Further studies of the dynamics of
carbon will alsc be conducted, this time emphasizing gas-water exchange.
Finally, data collected in previous vears will be used to describe the
limnological conditions in selected areas of the Great Lakes.

Hydrologic Properties

An understanding of lake hydrology is fundamental for water resource
studies of the CGreat Lakes, including regulation of lake levels and shore
protection. Numerical models must be developed to predict and simulate
water flow through the Great Lakes system, and a hydrologic data base of
sufficient quality for both scientific and water resource studies of the
Great Lakes must be developed. This will form the basis for a Great Lakes
water levels and flows advisory service serving those who use or study the
Great Lakes.

In FY 75, particular emphasis was given to lake precipitation, lake
evaporation, beginning-of-month water levels, and water levels and [lows
simulation. For example, a study of land-lake precipitation relationships
for northern Lake Michigan has been completed. This is a tool for quanti-
fing overlake precipitation from perimeter measurements.

Overland precipitation has been quantified for the Lake Ontario land
basin by using Thiessen polygon networks and National Weather Service
observations. For FY 76 the emphasis will be on the development of an
automated Thiessen polygon procedure to compute overland precipitation for
each of the Great Lakes’ land basins.

The current goal of evaporation research is to determine accurate
values of water loss from the Great Lakes due to evaporation. During the
past vear a comprehensive evaporation study has been completed to determine
Lake FErie evaporation by the water budget, mass—transfer, and energy budget
procedures. 1In FY 76 these techniques will be transferred to Lake Superior
where evaporation will be determined by the mass transfer and water balance
procedures.

Great Lakes beginning—of-month levels and monthly rates of change in
storage are being computed for each of the Great Lakes and Lake St. Clair.
Reports for Lakes Superior and Michigan have been completed and the final
four publications in the series are scheduled for completion in FY 76.




Hydrologic response and hydraulic transient models are being used for
specific problems involving Great Lakes water quantity and quality studies,
such as determination of commecting channel flows and pollution studies of
the Lakes. Of particular interest in FY 75 has been the use of Detroit
River tramsient models to provide flow input for the computation of pollu-
tion loadings as part of the Corps of Engineers’ Lake Erie Waste Water
Management Study and for water quality studies undertaken by the 1JC. TFor
FY 76 the emphasis will be on the development of a hydraulic transient
model for the St. Clair River to be used in water resource studies of the
upper Great Lakes. 1In addition, a study will be undertaken to determine the
effects of water temperature changes on the volume of the Great Lakes.

Lake Ice

The amount, type, and extent of ice on the Great Lakes is of interest to
all those who use the Lakes in winter, but especially to those who navigate
them. The Lake Ice program was created to develop improved climatological
information on the formation, growth, and decay of the Great Lakes ice
cover; to develop numerical models and techniques to simulate and forecast
the freeze-up, breakup, areal extent, and thickness of the Great Lakes
ice cover; and to define the natural distribution and wvariability of the
physical and chemical characteristics of the Great Lakes ice cover. These
ice data, information, and techniques will not only increase scientific
knowledge of the Great Lakes, but also provide the basis for a lake ice
advisgory service.

During the past year, data on the extent, type, and distribution of the
Great Lakes ice cover were collected. The techniques used included visual
aerial reconnaissance, satellite imagery, and side-looking airborne radar.

In addition, weekly charts depicting dce-cover concentration and distribution
were genevated for each of the Lakes. At the end of the dice season a report
documenting the growth and decay of the ice cover was published. Next year,
the task will continue, but with emphasis on remote sensing.

The need for Great Lakes ice forecasts increased with the advent of the
Winter Navigation Season Extension Program. During the past year, a tech-
nique to predict the freeze-up of the St. Lawrence River at Massena, New
York, has been finalized; this will be operational in the coming vyear.
Operational ice forecasts were also developed and implemented during the
last year for the Little Rapids Cut area of the St. Marys River. During
FY 76 the emphasis will be on the development of techniques for forecasting
ice breakup on the S5t. Lawrence River.

Ice thickness, crystallographic, and chemical data are obtained by the
collection of ice samples from bays, harbors, and connecting channels of
the Great Lakes. These data are analyzed in the ice laboratory to provide
tabulations of the orientation of the c—axis (optic axis) of ice crystals,
photography of ice crystals for shape and size studies, and tabulations of
variocus chemical concentrations in the dce and in the water below the ice.
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A systematic procedure was developed in the 1969 winter and used and improved
in subsequent winters to the present. The physical characteristics of lake
ice will be emphasized in the coming vear.

Also in support of the Winter Navigation Program, data on water tem—
peratures are being collected at selected locations around the Lakes and in
the St. Marys and St. Clair Rivers. The Lake Superior autumn temperature
decline is being monitored by the use of ships of opportunity and an expendable
bathythermograph syvstem. The ice thickness measuring network has been
augmented for this task. The collected data are supporting navigation
operations as well as serving as input for ice forecasting studies. The
Winter Navigation Program will be completed in FY 76.

Envirvonmental Engineering Models and Applications

Accurate environmental information is a prerequisite for effective
Great Lakes resource planning and management. In its absence, the decision-
maker must rely on economic, social, and political considerations or on
intuition. Thus, decisions affecting the environment have often been made
without the benefit of current scientific knowledge. The goal of this
project is to develop and test improved simulation and prediction models
and other tools for user applications and to develop a basis for rational
decisions for the development and utilization of Great Lakes resources.

A mathematical model of Maumee Bay in Western Lake Erie is under develop-
ment to simulate the transport and diffusion of water quality parameters due
to inflow from the Maumee River system. This task supports the GLBC's
Maumee River Basin Level B Study, a multi-agency activity intended to examine
the pros and cons of alternative futures for the Maumee Basin. The study
includes problems concerning erosion and sediment control, land use and
management, conservation of recreational resources, and the relationship of
water quality in the basin to that in Maumee Bay and Lake Erie. Results to
date are encouraging. Future plans include the completion of this model and
the simulation of Maumee Bay water gquality as it is subjected to the loads
from the Maumee River associated with alternate basin strategies.

A phosphorus model is under development to simulate the long-term
phosphorus budgets for the Great Lakes for the 19th and 20th centuries.
The waste loads to each lake were related to demographic information. Future
plans include further testing of the model and its application to the predic-
tion of phosphorus concentraticns in the Great Lakes to the year 2000. These
plans include an examination of the water quality objectives contained in
the Water Quality Agreement between the United States and Canada.

An atlas of Lake Ontarioc physical properties is being developed to
depict the physical environment observed during IFYGL and to present this
information in forms useful for engineering, design, and research purposes.
Participants in IFYGL are preparing descriptions using tables, graphs, and
maps of the lake currents, water temperature, water levels, waves, air
temperature, humidity, wind, tributary flows, precipitation, and lake ice.
Work on this atlas will continue in FY 76.
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Environmental Information Services

The GLERL mission includes development of environmental information
on the Great Lakes to improve understanding and to provide improved environ~
mental service tools, data, information, and consulting services to support
user needs in various levels of government, institutions, and private organ-
izations. The value of GLERL products depends on their applicability to
the solution of Great Lakes envirommental problems because research products
must be understood and correctly applied in order to solve problems. Products
that are misunderstood or misused will foster a lack of confidence on the
part of the Great Lakes community.

Since every scientist cannot be in contact with every potential user,
an advisory service is needed to provide a channel through which a dialogue
with specific users can be developed. Individuals who require environmental
information for problem solving must be identified and interactions estab-
Iished. This will provide guidance to GLERL in developing short— and long-
range program objectives to satisfy the maximum number of most urgent needs.

Once the advisory service is created, an information system of value
to Great Lakes resource managers and planners in their decision-making role
will be developed, that is, informatrion will be provided in a form useful to
the Great Lakes community, and services for the application and interpreta-
tion of environmental information will be supplied.

Sources of information on user requirements will include, but not be
limited to, the NOAA Marine Advisory Service, the GLBC, local Sea Grant
institutions, the Great Lakes States, Great Lakes Commission, Federal
Energy Office, Federal Power Commission, Army Corps of Engineers, Department
of Interior, U.S. Coast Guard, and 1JC Water Quality and Research Advisory
Boards.

An environmental information service must have a product inventory. The
ial efforts in this program are therefore being directed towards determin-
ing the user needs and defining the products that GLERL has the capability

to provide, The first year of the program has involved user contacts through
membership and participation on various commissions and beards, an environ-—
mental research priorities workshop, addresses to various public and govern—
ment units, interactions with the regional and national levels of the Sea
Grant Advisory Service, and supply of products and services on an individual
basis.
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Plans for FY 76 are for surveying potential users and updating user
requirements to reflect emerging problems and to assist in long-range
program development. In additieon, the GLERL products inventory is to be
substantially increased to cover an increasing spectrum of user needs.




TNTERNATIONAL AND INTERAGENCY ACTIVITIES

To a large extent, the managers of Great Lakes resources are government
agencies at various levels: international, federal, state, regional, and
local. Since GLERL's mission is to solve problems in resource management
and to provide environmental services for the Great Lakes region, GLERL, in
order to identify resource problems for research investigation and to
participate in their solution, must actively participate in those international
and interagency organizations which influence Great Lakes resource planning
and management. Thus, although a broad survey of environmental needs provided
an initial basis for the GLERL problem—oriented research program, additional
information on current and projected user needs must be obtained through
participation on various boards and commissions, joint participation in intey—
agency programs, and direct interaction with potential users. Participation,
directed towards items that parallel NOAA mission responsibilities, requires
close evaluation to avoid overcommitment of the available resources of the
Laboratory.

GCLERL participates in the activities of the IJC under the provisions of

the Canada-United States Great Lakes Water Quality Agreement signed in
April 1972 through the Research Advisory Board, the Water Quality Board, and
the Upper Lakes Reference. The Research Advisory Board reviews research
activities concerned with and applicable to the quality of water in the Great
s System, makes recommendations to the IJC concerning research needs and
ovides scientific advice on specific problems referred to the board by both
1JC and the CGreat Lakes Water Quality Board. GLERL participates in the

Advisory Board activities through membership on the board, chairing
Needs Committee, and membership on the Standing Committee for
sses for Water Qualitv Criteria. GLERL participates in Water
activiries rhrough membership on the Federal Support Committee
man, Water Quality Board, and through membership on the Data
sssurance Committee. In addition to Board and Committee participa-
actively involved in the IJC Reference to study the pollution
Superior and Huron. Participation in this international,

tasks related to net transport of pollutants from Lake

ce Huron (conducted with the EPA and the University of

of lLakes Superior and Huron using EPA data
with the CCIW, winter circulation in southern Lake Huron in
ion with the EPA and the CCIW, and the transport of pollutants
Saginaw Bay (conducted with the EPA).

2

CLBC was established under the Water Resources Planning Act of
the principal agency for coordination of federal, state, interstate,
and non-governmental plans for the development of water and related
resources in the Creat Lakes basin and was given responsibility for
' went of a camprexeialve COQEQlE&EQd joint plan. GLERL provides to

who dinter at* at zha p@izcv 1@?51 and cri tique reports and recommendations.
CLERL is also represented on the Plan and Program Formulation Committee which
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is charged with development of a Comprehensive Coordinated Joint Plan for
management and uwtilization of the Great Lakes and water related land resources
and on the Standing Committee on Coastal Zone Management with a goal to
coordinate state and federal support to the NOAA Coastal Zone Management
Program in the Great Lakes.

GLERL is participating in the GLBC sponsored Maumee River Basin Level
B Study, a multi-state and agency program under the authorization of the
Water Resources Planning Act of 1965 and under the Water Quality Amendments
Act of 1972, designed to provide a baseline and develop short- and long-range
management goals and alternatives for rescurce development in the basin and
adjacent portion of Lake Erie. GLERL is developing a baseline for Maumee
Bay and through application of computer simulation is assessing the impact of
alternative management strategies on the bay and western Lake Erie.

GLERL has also been directing preparation of a basic resource appendix
on the Limnology of Lakes and Embayments as a part of the Level A Framework
Study being developed by the GLBC.

The three top priority items that the GLBC has submitted to the Water
Resources Council for authorization are a Level B Study of the Fox-Wolfe -
River Basin, Wisconsin (similar in principal to the Maumee Level B Study),

a Regional Water and Energy Study relating to power needs and impacts in the
Great Lakes basin, and a Great Lakes Envivonmental Planning Study, which
includes a comprehensive limnological systems analysis to be used as a basic
tool in assessing alternative management strategies. GLERL has been identi-
fied as a potential participant in all these programs, but the level will
depend first on approval, then on GLERL mission interest and capabilities
applicable to the problems. '

The NOAA Sea Grant Program is directed toward developing and improving
the management of marine and aquatic resources. A major part of the program
is public dnteraction through the Sea Grant Advisory Service. There are
three Great Lakes Sea Grant Institutions: University of Wisconsin, State
University of New York/Cornell, and University of Michigan. GLERL mission
objectives supplement those of Sea Grant: GLERL provides environmental
research support to the Great Lakes Sea Grant dinstitutions, where appropriate.
To this end, GLERL participates in site visits, coordinates program plans,
provides support and services, and interacts with and participates in the
Advisory Service.

Because much of the Great Lakes data is used internationally, Canadian
and United States users of hydraulic and hydrologic data formed a Coordinating
Committee in 1953. The cbjectives of this committee are to rveach agreement
upon hydraulic and hydrologic data and related physical data concerning the
Great Lakes; to assist agencies in pursuing studies requiring international
data; to provide basic data to anyone with a recognized need; to reach
agreement on methods and procedures for measuring, collecting, and storing
pertinent data; and to publish coordinated data. GLERL participates on the
River Flow Subcommittee with a charge to coordinate tributary stream inflow
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to the Great Lakes system, to coordinate studies of flow in the connecting
channels and the St. Lawrence River, and to establish procedures for updating
and disseminating river flow data.

Commercial shipping interests have long desired to extend the navigation
season on the Great Lakes. Congress authorized a Winter Navigation Program
under the River and Harbor Act of 1970 aimed at demonstrating the practic-
ability of extending the navigation season on the Great Lakes-S5t. Lawrence
Seaway system. The Secretary of Army, acting through the Chief of Engineers,
was directed to carry out the program in cooperation with the Departments of
Transport, Interior, and Commerce and the EPA. GLERL chairs the Ice Infor-
mation Work Group, has membership on the Winter Navigation Working Committee,
and represents NOAA on the Environmental Evaluation Work Group. Data is
provided by the Laboratory on the physical and structural character of lake
ice; on ice formation, growth, and decay; and on the effects of winter navi-
gation on shore properties. In addition, marine environmental service is
provided to shippers during the extended season. A report will be submitted
to Congress in December 1976. ‘
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APPENDIX I
GREAT LAKES ENVIRONMENTAL RESEARCH LABORATORY

STAFF AND ORGANIZATION
JUNE 30, 1975

Name Pogition Title

OFFICE OF DIRECTOR

Aubert, Dr. Eugene J. Director
Hill, Rosa Lee Secretary (Stenographer)

Administrative Services Grou

Bramlet, Robert H. Head
Pelto, Carol L. Clerk~Typist
Loegel, Lawana J. Administrative Assistant
Sparks, Eric 5. Maintenance
Publications
Kelley, Jeanne M. Writer~Editor
Hanks, M. Ann Clerk~Typist
Library
Carrick, Barbara J. Librarian

¢

Computer Systems

Rodante, Frank C. Head

Del Proposto, Donato J. Computey Specialist
Hodson, Alan W. Computer Systems Analyst
Holt, Deborah J. Computer Programmer
Maxey, Vernon K. Computer Systems Analyst
Harrison, Shirley A. Key Punch Operator

PHYSTICAL LIMNOLOGY AND METECROLOGY GROU

Rao, Dr. Desiraju B. Head -

Hein, Marlene A. Clerk-Stenographer

Albert, Jordan C. Physical Scientist

Bermick, Stephen Physical Scientist

Danek, Larry J. Physical Scientist

Doughty, Blondell C. Research Physical Scilentist
Dungan, J. Edward Physical Science Technician
Grumblatt, John L. Research Physical Scientist
Heikes, Brian G. Physical Science Aid
Heinmiller, Paul A. Physical Science Aid

Huang, Dr. Joseph C. K. Physical Oceanographer
Kegsenich, Timothy A. Regsearch Physical Scientist

Grade

16/8
6/10

13/6
ik
717
5/1

7/1
4/5

9/1

13/3
12/2
11/10
5/4
11/4
2/1

14/4
471
5/1
571
9/1

11/8

16/5

12/6
4/1
471

13/4

LTJG

Code

FIP
TP

P
FTP
TP
FTT (WG}

¥FTP
TP

PIP




STAFF AND ORGANIZATION (continued)

Liu, Paul C.

Milier, Gerald S.
Ottenbaker, David T.
Picketr, Dr. Robert L.
Saylor, Dr. James H.
Sloss, Dr. Peter W.
Winkler, Dennis M.

Physical Scilentist

Physical Scientist

Physical Science Aid
Physical Oceanographer
Physical Scientist

Physical Scientist

Physical Science Technician

Marine Instrumentation Lab - Field Operations

Soo, H. K.
Weinstein, Stuart D.

CHEMISTRY AND BIOLOGY GROUP

Robertson, Dr. Andrew
Grasso, Jean O.

Bell, Gerald L.

Chambers, Richard L.
Eadie, Dr. Brian J.
Endres, Julianne

Lee, William R.

Manor, Jamesz P.

HNalepa, Thomas F.
Rheaume, Paul H.

Scavia, Donald

Tarapchak, Dr. Stephen J.
Vanderploeg, Dr. Henry A.

Water Chemistry Lab

Malczyk, John M.
Bobovski, Joseph
Langston, Albert L.

LAKE HYDROLOGY GROUP

Quinn, Dr. Frank H.
*Lawton, Barbara J.
Assel, Raymond A.
Bolsenga, Stanley J.
Derecki, Jan A.
Gales, John E.
Hagman, Brenda B.
Hagman, John C.
Kelley, Raymond N.

Head
Electronics Technician

Head

Secretary {(Typing)

Research Physical Scientist
Regearch Physical Scientist
Chemical Oceanographer
Biological Technician
Physical Science Technician
Physical Scientist

Aquatic Ecologist
Biological Technician
Envirommental Systems Modeler
Biological Oceanographer
Biological Oceanographer

Head
Physical Science Technician
Physical Science Technicilan

Head

Clerk-Typist

Research Physical Scientist
Research Physical Scientist
Research Physical Scientist
Physical Science Technician
Physical Science Aid
Physical Scientist

Research Physical Scientist
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12/6
12/3

2/1
14/3
14/4
11/2

2/1

13/1
471

15/2
5/5
12/6
11/1
13/1
4/1
4/1
7/1
11/1
4/1
9/1
12/1
13/2

9/6
4/1
714

14/2
4/10
12/1
12/7
12/9
7/5
4/1
7/1
9/8

FTP
FTP
WAE
FIP
FTP
TP
WAE

FIP
WAE

FTP
FTP
FIP
FTP
TP
WAE -
WAE
WAE
FTP
FIT
FIP
FIP
FTP

FiP
PTT
FTP

FTP
FTP
FTP
FIP
FTP
FTP
WAE
WAE
FIP




STAFF AND ORGANIZATION (continued)

Lebeis, Mark P, Physical Science Aid 4/1  WAE
Leshkevich, George N. Physical Science Technician 5/2 FTP
Horton, David C. Research Physical Scientist 11/3  FTP
Rogers, Jeffery C. Research Physical Scientist g/1 FTP
Santek, David A, Physical Science Aid 4/1 WAE
ENVIRONMENTAL SYSTEMS ENGINEERING GROUP
Pinsak, Dr. Arthur P. Head 14/5  FTP
*Lawton, Barbara J. Clerk-Typist 4710
Chapra, Steven C. General Physical Scientist 12/2  ETP
Hendershot, Phillip Physical Science Aid 471 WAE
Jenkins, C. Fred Physical Scientist 14/7  FIP
Landay, Beth Diane Physical Science Aid 4/1 WAE
Simonson, Jonathan H. Physical Scilentist 7/1 WAE
#Indicates names listed more than once.
APPUINTMENTS CODE:
FTP: Full Time Permanent
FIT: Full Time Temporary
FIT {G): Full Time Temporary (G Appointment}
PTP: Part Time Permanent
PTT: Part Time Temporary
WAE: When Actually Emploved (Q Appointment - Student)
CG: Commissioned Officer, NOAA Corps
WG Wage Grade
T Term Appointment
SUMMARY TABLE
TP FIT PTP PTT WAE CO TOTALS

Office of Director iz 1 i 1 0 G 15
Physical Limnology

& Meteorology 12 2 O 0 6 1 21
Chemistry & Biclogy i1 1 G 1 3 0 16
Lake Hydrology 10 0 0 0 4 0 14
Environmental Systems

Engineering 3 O O 0 3 0 6

TOTALS 48 4 i 2 16 1 72
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APPENDIY 11T A
GREAT LAKES ENVIRONMENTAL RESEARCH LABORATORY
PUBLICATIONS
FY 1975

Assel, R. A., ”Qraat Lakes Ice Cover, Winter 1973-74," NOAA Techwnical Report
ERL 326~GLERL 1, National Oceanic and Atmospheric Administration,
Environmental Research Laboratories, Boulder, Colorado, July 1974, 52 pp.

Aubert, E. J., "IFYGL: Scientific Overview," in: Proceedings, IFYGL
Symposium, Fifty-Fifth Annual Meeting of the American Geophysical
Union, Hational Oceanic and Atmospheric Administration, Rockville,
Maryland, August 1974, pp. 8-21.

Bennett, E. B¢E, and J. H. Savlo
Field Work Review," in: I gé%ngU} igfﬁg ng?@8@%m§ E%f%g*gkf%h Annual
Meeting of the American §é§3&g&z cal Union, National Oceanic and Atmo-
spheric Administration, Rockville, Maryland, August 1974, pp. 102-128.
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Braster, R. E.”, S§. C. Chapra, G. A. Nossa®, "A Computer ?agram for the

Steady—State Water Quality Simulation of a Stream Network," Documenta-
tion for SNSIM1/2, Environmmental Protection Agency, New York, New York,
February 1975, 54 pp.

Chapra, S. C., and G. A. §QSQ§2§ "A Computer Program for the Modeling of
Water Quality Parameters in gi%aéngﬁata Multi-Dimensional Natural
Agquatic Systems,” Documentation for HAROZ, Environmental Protection
Agency, New York, New York, October 1974, 94 pp.

Gehrs, C. §,23 and A. Robertson, ''Use of Life Tables in Analyzing the
Dynamics of Copepod Populations," Eeology, Vol. 56, 1975, pp. 665-672.

Huang, J. C. K., "Effective Cloudiness Derived from Ocean Buoy Data, Jowrnal
of Applied Meteorology, Vol. 14, 1975, pp. 240-246.

Huang, J. C. K., "Ocean/Atmosphere Dynamically Coupled Model for Climatic
Study,”™ in: Monograph IV, Department of Transportation, Climatic

Impact Assessment Program, 1974, pp. (6-210)-(6-2163.

. . 2 5 .
Ischinger, L. S.7, and T. F. Nalepa, "Freshwater Macroinvertebrates," Journal
Water Pollution Control Federation, Vol. 47, 1975, pp. 1520-1538,

Liu, P. €., "Duration-Limited Wave 39@@333 in Lake Ontarioc during the 1972
Hurricane Agnes," in: Proceedings, Seventeenth Confervence on Great
Lakes Research, International Association for CGreat Lakes Research,
Ann Arbor, Michigan, 1974, pp. 435-444

1. A o ; . .
No longer affiliated with this Laboratory.

2z L . .
Not affiliated with this Laboratory.
27




Liu, P. €., and R. J. Rﬁbbinsz, "Wave Data Analysis at GLERL," din:
Proceedings of International Symposium on Ocean Wave Measurements and
Analysis, Vol. 1, American Society of Civil Engineers, New York,

New York, 1974, pp. 64-73.

Nalepa, T. F., and L. §. Ischingerz, "Sediment Oxygen Demand Studies on the
Androscoggin, Presumpscot, and Penobscot Rivers, Maine, May and July
1974," Report to Region I, EPA, and State of Maine, Environmental
Protection Agency, National Field Investigations Center, Cincinnati,
Ohio, 1974, 15 pp.

Nalepa, T. ¥., and L. 5. Ischingerg, YSediment Oxygen Demand Studies on the
Chowan River, North Carolina, December 1974," Report to State of North
Carcolina, Environmental Protection Agency, National Field Investigation
Center, Cincinnati, Ohioc, 1974, 8 pp.

Norton, D. C., "Lake Ontario Basin: Overland Precipitation, 1972-73,"
NOAA Technical Memorandwn ERL GLERL 1, NWational Oceanic and Atmospheric
Administration, Environmental Research Laboratories, Boulder, Colorado,
March 1975, 12 pp.

Park, R. A.z, D. Scavia, and N. H. Clesceriz, "CLEANER the Lake George Model,"

in: Eeological Modeling in a Management Framework, ed. C. S. Russell,
Resources for the Future, Inc., Washington, D.C., 1975, 394 pp.

Park, R. A,z, R. U. 'Neillz, J. A, Bloomfieldz, H, H. Shugartz, R. 5. Boot 2,

R. A. Goldstein™, J. B. Mankin , J. F. Kouncez, D. Scavia, M., 5. Adams ,
L. 82 Clesceri’, E. M. Colon”, E. H. Dettmann , J., A. Hoppes , 9. D.
Huff"™, 8. Kutz,, J. F. Kitchell,, R. C. Kchbegger , E. J. Lagow ,

D. €. McNgught™, J. L. Petersoy , J. E. Titus , P. B. Weiler , J. W.
Wilkerson”, and C. 8. Zahorcak™ , "A Generalized Model for Simulating
Lake EBcosystems," Simulation, Vel. 23, 1974, pp. 33-50.

Pickett, R. L., "Comparison of July Currents from Adjacent United States
and Canadian Buoys,” IFYGL Bulletin 11, July 1974, pp. 107-110.

Pickett, R. L., "Editing Procedures for Analysis of Buoy and Tower Data,"
IFYGL Bulletin 11, July 1974, pp. 105-106.

Pickett, R. L., and S. Bermick, "Comparison of Airborne Radiation Thermo-—
meter and Buoy Temperature Measurements,' IFYGL Bulletin 14, June 1975,

76 pp.

Pinsak, A. P., '"Federal Agency Programs: Commerce - NOAA," in: Proceedings
of the Recession Rate Workshop, Great Lakes Basin Commission, Ann
Arbor, Michigan, 1975, pp. 55-63.

1
No longer affiliated with this Laboratory.

ZNot affiliated with this Laboratory.

28




Pinsak, A. P., "Physical Characteristics," Limnology of Lakes and Embayments,
the Great Lakes Basin Commission, Ann Arbor, Michigan, 1975, 103 pp.

Pinsak, A. P., (editor), Proceedings of Workshop on Great Lakes Envirvowmental
Research Initiatives, Great Lakes Environmental Research Laboratory,
Ann Arbor, Michigan, April 1975, 196 pp.

Pinsak, A. P., and T. L. ﬁayer1§ "Baseline Reference for Maumee Bay," in:
Interior Report, Maumee River Basin Level B Study, The Great Lakes
Basin Commission, Ann Arbor, Michigan, 1975, 40 pp.

Pinsak, A. P., and G. K. Rogergz, "Energy Balance of Lake Ontario,”™ in:
Proceedings, IFYGL Symposium, Fifty-Fifth Amual Meeting of the
American Geophysical Union, National Oceanic and Atmospheric Admin—
istration, Rockville, Maryland, August 1974, pp. B6-101.

Quinn, F. H., "Lake Michigan Beginning-of-Month Water Levels and Changes in
Storage," NOAA Technical Report ERL 326-GLERL 2, National Oceanic and
Atmospheric Administration, Envirommental Research Laboratories, Boulder,
Colorado, March 19753, 32 pp.

Rao, D. B., "Transient Response of Shallow Enclosed Basins Using the Method
of Normal Modes," Scientific Series No. 38, Canada Centre for Inland
Waters, Inland Waters Directorate, Burlington, Ontario, 1974, 26 pp.

Robertson, A., "A New Species of Diaptomus (Copepoda, Calonoida) from
Oklahoma and Texas,' dmerican Midland Naturalist, Vol. 93, 1975,
pp. 206-214,

Robertson, A., "U.S5. IFYGL Shipboard Data Acquisition System," JFYGL

Technical Manual Series, No. 5, National Oceanic and Atmospheric
Administration, Rockville, Maryland, Mavrch 1974, 40 pp.

Robertson, A., "Zooplankton," in: Eneyclopedia of Envirommental Sciences,
McGraw-Hill Book Co., New York, New York, 1974, pp. 700-701.

Robertson, A., F. C. Eiderzg and T. T. Ea?ieszs "IFYGL Chemical Intercom—
parisons," in: Proceedings, Seventeenth Conference on Great Lakes
Research, International Association for Great Lakes Research,

Ann Arbor, Michigan, 1974, pp. 682-696.

2 . 2 2 .
Robertson, A., C. W. Gehrs™, B. D. Hardin™, and G. W. Hunt"™, “Culturing
and Ecology of Diaptomus clavipes and Cyclops vernalis,'" Ecological
Research Series, EPA-660/3-74-006, Envirommental Protection Agency,

Washington, D.C., 1974, 226 pp.

1 s . . .
No longer affiliated with this Laboratory.

1
“Not affiliated with this Laboratory.

29




Rooney, J. Paz, and $. C. Chapra, "Water Quality Analysis of the Raritan

Bay System,' report prepared for the Water Programs Branch, Environ-

mental Programs Division, Envirommental Protection Agency - Region II,
Environmental Protection Agency, New York, New York, December 1974,
62 pp.

Sacketts, W. M,z, C. W. ?oagz, and B. J. Badie, "Kerogen Recycling in the
Ross Sea, Antarctica,” Science, Vol. 185, 1974, pp. 1045-1047.

Saylor, J. H., "Nearshore Bottom Stability in Relation to Changing Lake
Levels," in: Proceedings, Technical Conference on Lake Michigan
Shoreland Planning, Chicago, Illinois, 1974, pp. 42-55.

Scavia, D., "Implementation of a Pelagic Fcosystem Model for Lakes,"
Easterm Desciduous Forest Biome - IBP Report #74-4, International
Biological Program, Troy, New York, 1974, 65 pp.

3 2 Z
Scavia, D., J. A. E}oomfieida, J. 5. Fisher™, J. A. ﬁagyz, and R. A. Park™,
"Software for a Generalized Model for Simulating FEcosystems," Sitmulation,
Vol. 23, 1974, pp. 51-56.

lNO longer affiliated with this Laboratory.

2
“Not affilisted with this Laboratory.
30




APPENDIX IIT B

GREAT LAKES ENVIRONMENTAL RESEARCH LABORATORY
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FY 1975
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APPENDIX IV

GREAT LAKES ENVIRONMENTAL RESEARCH LABORATORY
PRESENTATIONS

FY 1975
Adams, C. E., Jr.l, "Winter Thermal Structure of Lake Superior,” paper
presented at the Seventeenth Conference on Great Lakes Research held
at McMaster University, Hamilton, Ontario, August 12-14, 1974,

Assel, R. A., "Great Lakes Ice Thickness Prediction,” paper presented at
the Eighteenth Conference on Great Lakes Research held at the State
University of New York at Albany, Albany, New York, May 20-23, 1975.

Aubert, E. J., "International Field Year for the Great Lakes (IFYGL),"
paper presented at the American Association for the Advancement of
Science (AAAS) Annual Meeting held in New York, New York, January
26-31, 1975.

Bell, G. L., "Diffusion at Oswego Harbor, New York," paper presented at
the Seventeenth Conference on Great Lakes Research held at McMaster
University, Hamilton, Ontarioc, August 12-14, 1974,

Derecki, J. A., "Multiple Estimates of Lake Erie Evaporation," paper
presented at the Eighteenth Conference on Great Lakes Research held
at the State University of New York at Albany, Albany, New York,
May 20-23, 1975.

Fadie, B. J., and A. Robertson, "An IFYGL Carbon Budget for Lake Ontarioc,”
paper presented at the Seventeenth Conference on Great Lakes Research
held at McMaster University, Hamilton, Ontario, August 12-14, 1974,

Grumblatt, J. L., "Some Aspects of Lake OUntario Heat Advection," paper
presented at the Seventeenth Conference on Great Lakes Research held
at McMaster University, Hamilton, Ontario, August 12-14, 1974.

Liu, P. C., "Duration-Limited Wave Spectra in Lake Ontario during the 1872
Hurricane Agnes,' paper presented at the Seventeenth Conference on
Great Lakes Research held at McMaster University, Hamilton, Ontario,
August 12-14, 1974.

Liu, P. C., and T. A. Kessenich, "IFYGL Ship Wave Observations vs Wave
Measurements,' paper presented at the Eighteenth Conference on Great
Lakes Research held at the State University of New York at Albany,
Albany, New York, May 20-23, 1975.
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Liu, P. C., and R. J. Rnbbinsz, "Wave Data Analysis at GLERL," paper
presented at the International Symposium on Ocean Wave Measurement
and Analysis held in New Orleans, Louisiana, September 9-11, 1974.

Nalepa, T. F., and N. A. Thamasz, "Macrobenthos and Sediment Analysis of
Lake Ontario, June and November 1972,'" paper presented at the
Seventeenth Conference on Great Lakes Research held at McMaster
University, Hamilton, Ontario, August 12-14, 1974.

Pickett, R. L., and F. P. Richardsls "Lake Ontarioc Mean Temperature and
Currents in July 1972," paper presented at the Seventeenth Conference
on Great Lakes Research held at McMaster University, Hamilton, Ontario,
August 12-14, 1974.

Pinsak, A. P., "Heat Storage in Lake Ontario," paper presented at the
Seventeenth Conference on Great Lakes Research held at McMaster
University, Hamilton, Ontario, August 12-14, 1974.

Pinsak, A. P., and R. L. Chambers, "Material Transfer through the Straits
of Mackinac," paper presented at the HEighteenth Conference on Great
Lakes Research held at the State University of New York at Albany,
Albany, New York, May 20-23, 1975.

Quinn, F. H., "Detroit River Flow Characteristics,' paper presented at
the Eighteenth Conference on Great Lakes Research held at the State
University of New York at Albany, Albany, New York, May 20-23, 1975.

Rao, D. B., and D. J. Schwab, "Two Dimensional Free Oscillations of Natural
Basins on a Rotating Earth: Applications to Lakes Ontario and Superior,”
paper presented at the Seventeenth Conference on Great Lakes Research
held at McMaster University, Hamilton, Ontario, August 12-14, 1974.

Robertson, A., "Plankton-Mediated Transport of Energy-Related Pollutants,"
paper presented at the Second ICMSE Conference on the Great Lakes held
in Argonne, Illinois, March 25-27, 1975.

Robertson, A., and B. J. Eadie, "A Carbon Budget for Lake Ontario," paper
presented at the Nineteenth Congress of the International Association
f Limnology held in Winnipeg, Manitoba, August 22-29, 1974.

Robertson, A., F. C. Elderz, and T. T. Daviesz, "Chemical Intercomparison
Programs Conducted during IFYGL," paper presented at the Seventeenth
Conference on Great Lakes Research held at McMaster University,
Hamilton, Ontario, August 12-14, 1974,

No longer affiliated with this Laboratory.
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Rogers, J. C., "Forecasting St. Marys River Ice Problems at the Little
Rapids Cut," paper presented at the Eighteenth Conference on Great Lakes
Research held at the State University of New York at Albany, Albany,
New York, May 20~23, 1975.

Rogers, J. C., "Investigation of Ocean-Atmosphere Teleconnections during
the Climatic Fluctuation of the 1960's over North America," paper ¢
presented at the Climatology Conference and Workshop of the American
Meteorological Society held in Asheville, North Carolina, October
8-11, 1974.

Rogers, J. C., "A Long-Range Forecasting Method of Freeze-Up Dates and Ice
Extent on the Great Lakes,” paper presented at the Seventeenth
Conference on Great Lakes Research held at McMaster University,
Hamilton, Ontario, August 12-14, 1974,

Saylor, J. H., "Current Measurements with Drogues in Lake Ontario," paper
presented at the Seventeenth Conference on Great Lakes Research held
at McMaster University, Hamilton, Ontarioc, August 12-14, 1974.

Sless, P. W., and J. H. Saylor, "Large~Scale Current measurements in Lake
Huron,' paper presented at the Eighteenth Conference on Great Lakes
Research held at the State University of New York at Albany, Albany,
New York, May 20-23, 1975,

Tarapchak, §. J., "Phytoplankton Distribution and Indicators of Trophic
State in Minnesota Lakes,” paper presented at the Thirty-Eighth Annual
Meeting of the American Society of Limnology and Oceanography, Inc.,
held in Halifax, Nova Scotia, June 23-26, 1975.

Tarapchak, S. J., "Phytoplankton Diversity in the Great Lakes,' paper
presented at the Eighteenth Conference on Great Lakes Research held
at the State University of New York at Albany, Albany, New York,
May 20-23, 1975,

Vanderploeg, H. A., and J. R. Kercherz, "Effects of Limnological Variables
on Bioaccumulation Factors," paper presented at the Fifth International
Congress of Radiation Research held in Seattle, Washington, July 14-20,
1974.

Vanderploeg, H. A., R. §. Boothz, and F. H. Clark2, "A Specific Activity and -

Concentration Model Applied to Cesium-137 Movement in a Eutrophic Lake,"
paper presented at the Fourth National Symposium on Radiocecology held
in Corvallis, Oregon, April 14, 1975.

1
No longer affiliated with this Laboratory.

2
Not affiliated with this Laboratory.
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APPENDIX V

GREAT LAKES ENVIRONMENTAL RESEARCH LABORATORY
FACTLITIES
June 30, 1875

GLERL leases two adjacent buildings in Ann Arbor, Michigan. The
office of the Director and some of the other offices.are at 2300 Washtenaw
Avenue. This is a block-type building with 5,446 ft° of office and labora-
tory space on two levels. There is parking space for 25 cars. The second
buildingzis at 2320 Washtenaw Avenue. This is a block-type building with
7,224 f£t7 of office and laboratory space on two levels. Behind this building
is space for another 25 cars.

In addition, GLERL occupies 3,500 ftz of space in a dockside warehouse
(leased by the National Ocean Survey, Lake Survey Center} in Monroe, Michigan.

FIELD OBSERVING FACILITIES

The Marine Instrumentation Laboratory, is responsible for the planning,
development, and maintenance of the Data Acquisition Systems employed by
the various research projects.

Much of GLERL's field experiments are carried out on the R/V Shenehon,
a converted T-boat, length - 65.5 ft, beam - 17.75 ft, and draft - 6.5 ft.
The vessel has a 2,100 nautical mile range with a cruising speed of 9.5 knots
and is fully complimented with navigational, communication, and depth
sounding equipment. Presently, the forward electro-~hydraulic winch carries
3,000 ft of 5/32~-inch wire cable for hydrographic casts, limnological sampling,
coring, and dredging, but it is capable of carrying a 10-conductor cable.
The electric after-winch is equipped with 690 ft of 6-conductor cable for
electronic bathythermograph and turbidity measurements. A 120 ft° air-con-
ditioned laboratory with lake and potable water supplies is the primary work
area for on-board biological and chemical analyses and also houses the
l4~channel physical data logger for recording meteorclogical, oceanographic,
and position information with output on ASCIT coded punch paper tape.

A special plankton trap for grazing experiments, in-situ chemical
sampling probes for CaCO, saturation experiments, and incubation chambers
for culture and radioactive isotope uptake experiments are through prototype
stages of development.

Two 21-ft aluminum outboard boats are used for shallow water experi-
ments and to service current, wave, and air-sea interaction data acquisition

systems.

The wave measurement program employs five Datawell Wave-Rider buoys
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which transmit the water surface displacement signal over a range of 8-10
miles with receiver and analog tape recorders on shore. The air-sea inter-
action system consists of four staff relay-type wave gages supported on a
tower in 20 m of water extending 10 m into the air with six channels of wind
and temperature data telemetered to a shore recording station.

in our winter current studies, sixteen AMF Model 610B vector averaging
current meters, each capable of recording 15 minutes averaged current vectors
and temperatures for a duration of over 6 months were used in conjunction
with 10 AMF Acoustic Releases and a Canadian designed subsurface float. One
hundred percent recovery was obtained over the last deployment period; the
network will be increased for FY 76 experiments.

Plans are to mount meteorological data sensors on buoy platforms built
for the IFYGL project. Wind and temperature sensors from the IFYGL packages
will be used with a micro processor controlled data logger under development
by the Marine Instrumentation Laboratory.

Meteorological data at ice observation sites are recorded by the Towner
2000 portable meteorological data acquisition system which produces an
ASCTI coded punched paper tape with data on wind, temperature, radiation,
and relative humidity. The lake temperature network consists of 14
Leupold-Stevens Model 7000 water temperature gages with output on 16 level
2—inch wide BCD coded punch paper tape, supplemented by four Bristol resistance
thermometer analog recorders.

Future data reduction will be done by a DEC LAB 11/40 DATA ACQUISITION
SYSTEM consisting of a PDP-11/40 CPU with 16 K memory, 2.4 megaword disks,
a 9-track bi-phase 1/2-inch magnetic tape unit, 8 channel analog to digital
converter, real-time clock, and electrostatic printer/plotter. It is hoped
this can be implemented during FY 76.

LABORATORY OBSERVING FACILITIES
Chemistry Laboratory

The Chemistry Laboratory is used to measure chemical properties of the
Great Lakes. Carbon concentrations are measured with a carbon analyzer;
metal and major ion concentrations are determined with an atomic absorption
spectrophotometer; and chlorophyll and nutrient concentrations are measured
with a visible-UV spectrophotometer. Phosphate concentrations are also
followed with an autoanalyzer. Recently, a gas chromotograph was acquired
for measurement of volatile materials. Analytical balances at several levels
of precision are available as are smaller pieces of standard chemical egquip-
ment and glassware.




Biology Laboratory

The Biology Laboratory is equipped to carry out a variety of experimental
studies involving benthos, zooplankton, and phytoplankton. Studies measuring
nutrient uptake with radioactive isotopes are conducted with the aid of a
liquid scintillation counter, and the effects of zooplankton feeding on
particle size distributions are monitored with a Coulter Counter. Controlled
environment chambers allow the culturing of various kinds of plankton. An
inverted microscope is used to obtain species counts for algae, and conven~-
tional microscopes are used to identify and count zooplankton and benthos.

Iee Laboratory

The Ice Laboratory is currently located in the Federal Building in
Detroit. Included in the laboratory is a two-compartment cold room. The
outer gompartment, maintained at a temperature of -12°C, has an area of
180 ft” and serves as a working area. Equipment includes work benches, a
band saw and microtome for ice sample preparation, and a universal stage
fitted with a camera mount for studies of ice crystal size and orientation.
The inneE compartment, maintained at a temperature of ~32°C, has an area
of 60 £t~ and is used for ice sample storage. The facility supports the ice
crystallography analysis programs and is presently being used to analyze ice
samples collected during the 1974-75 winter season. Future use of the
laboratory will include studies of the physical properties of ice where
artificial conditions can adequately represent the natural environment.
Artificial simulation of ice growth and decay rates, strength tests of
natural lake ice, and studies of the optical properties of ice are some of
the projects which may be initiated, depending on available staff.

SUPPORT FACILITIES

The GLERL Computer Systems staff contributes greatly to the success of
the GLERL projects in the following activities: data management, analysis,
modeling, and evaluation. The programming activities are accomplished via
remote batch processing through a CDC-U200 communications terminal connected
to a CDC 6600 computer located at the Environmental Research Laboratories in
Boulder, Colorado.

Plans for FY 76 include the upgrading of the CDC-U200 terminal to

improve card reading and printing time and to connect a Tektronix 4014
Graphical Display Terminal to the CDC 6600 computer in Boulder.

Library

GLERL has a small Library (400 ftz) with a wide variety of periodicals,
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reference materials, and bibliographies. A Librarian is available to help
scientists find what they need in the GLERL library and to arrange for
interlibrary loans through the many libraries available in the area and
through Environmental Data Service facilities.

Publications

All GLERL scientific reports are edited and typed in the Publications
Unit. One Magnetic Tape-Selectric Typewriter and one Magnetic Card 1I-
Selectric Typewriter provide both print-ready hard copy and magnetic storage
of GLERL reports.
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